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Abstract: Background: Patients with chronic pancreatitis (CP) have an increased risk of developing
pancreatic ductal adenocarcinoma (PDAC). We present data on PDAC in one of the most extensive
European single-centre cohort studies of patients with CP. Methods: Retrospective analysis of
prospectively collected data of patients with CP was performed. Aetiology of CP was determined
according to the M-ANNHEIM classification system and only patients with definite CP > 18 years
at data analysis were included. The final dataset included 581 patients with definite CP diagnosed
between 2003 and 2018. Results: At CP diagnosis, there were 371 (63.9%) males and 210 (36.1%)
females (median age 57 years, range 2-86). During 3423 person-years of observation, six pancreatic
cancers were diagnosed (0.2% year). The mean time between diagnosis of CP and the occurrence
of PDAC was 5.0 years (range 2.7-8.6). None of the cancer patients had a family history of PDAC.
Diabetes mellitus (DM) was present in five of six (83.3%) patients with PDAC: in three patients
before and in two after CP diagnosis. Clinical/laboratory signs of pancreatic exocrine insufficiency
(PEI) were present in five of six (83.3%) patients with PDAC: in two at diagnosis of CP and in three
after diagnosis. The mean survival time was 4 months after the diagnosis of PDAC (range 0.5-13).
PDAC occurred significantly more often (p < 0.001) in two groups of patients without previous acute
pancreatitis (AP): 2 of 20 patients (10%) with low body mass index (BMI) and PEI and in 3 of 10 (30%)
patients with high BMI and DM at diagnosis of CP. Conclusions: Patients with CP have a high risk of
developing PDAC, although risk is low in absolute terms. Our data suggest the possibility of defining
subgroups of patients with a particularly elevated risk of PDAC. Such a possibility would open a
path to personalised decision making on initiation of PDAC surveillance of patients with no previous
episode of AP, (i) with low BMI and PEI, or (ii) elevated BMI and DM.
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1. Introduction

Chronic pancreatitis (CP) is a pancreatic disease in which recurrent inflammatory episodes
replace pancreatic parenchyma with fibrous connective tissue [1]. According to a systematic review,
a meta-analysis, and a meta-regression of population-based cohort studies, the global pooled incidence
of CP is 10 cases per 100,000 person-years, with a significantly higher incidence in the European
region than in the American region and is twice as high in men as in women [2,3]. Pancreatic ductal
adenocarcinoma (PDAC) is ranked the 11th most common cancer in the world, representing 4.5% of
all deaths caused by cancer in 2018 [4]. Despite some progress over the past decade, the prognosis
of PDAC remains poor, with a 5-year overall survival across the whole patient population of only
9% [5]. CP’s relationship with PDAC has been the subject of intense research since the 1990s,
but most studies on the risk of developing PDAC in patients with CP were biased. Major limitations
are potential misclassification; possible confounding variables, including smoking and alcohol
consumption; different lengths of the follow-up between CP diagnosis and the occurrence of PDAC;
demographic heterogeneity of patients; and a lack of data on differences in patients with various
aetiologies of CP [6]. Current guidelines on the management of patients with CP do not include
recommendations on an optimal time interval and modality of PDAC surveillance, which poses a huge
problem for practitioners in daily clinical practice. Lack of epidemiological data on pancreatic diseases
in the general population of most parts of the world constitutes a knowledge gap and a barrier in
developing an adequate strategy for prevention and effective surveillance of patients with CP [3,7].
Here, we present data on PDAC in one of the largest European single-centre cohorts of patients with CP
and identify specific subgroups of patients with CP at significantly increased risk of developing PDAC.

2. Patients and Methods

2.1. Study Population

We retrospectively analysed prospectively collected patients with a diagnosis of CP. Patients were
identified using codes K86.0 and K86.1 according to the 10th revision of the International Classification of
Diseases (ICD-10). From 2003-2018, available electronic medical charts of all patients (historical cohort)
with CP in the electronic database at the Outpatient Pancreatic Clinic at the Department of Upper
Abdominal Diseases, Karolinska University Hospital, Stockholm, Sweden were analysed. We excluded
patients if they were <18 years of age at the time of data analysis, without a Swedish personal
identification number, with missing data in medical charts, with probable CP, and in whom PDAC
occurred <2 years after diagnosis of CP. Patients diagnosed in 2019 and 2020 were excluded as well
because of the short follow-up. Aetiology of CP was determined according to the M-ANNHEIM
classification system [8] and only patients with definite CP were included in one or more of the following
groups: alcohol, nicotine, nutritional factors, hereditary factors, efferent duct factors, immunological,
and miscellaneous/other. Definite CP, according to M-ANNHEIM criteria, was diagnosed by imaging
(computed tomography, magnetic resonance imaging, or both) with one or more of the following
criteria: (a) pancreatic calcifications, (b) moderate or marked ductal lesions, (c) marked and persistent
exocrine insufficiency defined as pancreatic steatorrhea markedly reduced by enzyme supplementation,
or (d) typical histology of an adequate histological specimen [8]. Probable CP, according to the
M-ANNHEIM criteria, was diagnosed with one or more of the following criteria: (a) mild ductal
alterations, (b) recurrent or persistent pseudocysts, (c) pathological test of pancreatic exocrine function,
or (d) endocrine insufficiency (abnormal glycated haemoglobin—HbA1c) [8]. Diagnosis of autoimmune
pancreatitis (AIP) was established in accordance with the currently valid international consensus
diagnostic criteria for AIP [9]. CP was considered “unexplained” when no cause could be identified.
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2.2. Variables

For individual patients, we recorded age; sex; family history of PDAC; pancreatic exocrine
insufficiency (PEI), diagnosed clinically in patients with steatorrhea or laboratory using faecal elastase
with a cut-off of 200 ng/g of stool; body mass index (BMI); alcohol consumption (overconsumption was
defined as an intake of >5 standard drinks per day, with standard drinks defined as 0.25 L of beer,
0.1 L of wine, or 4 cL of hard liqueur); smoking habits (never smoked/former smoker/active smoker);
number of smoking pack-years, with one pack-year defined as 20 cigarettes smoked every day for
1 year; presence of diabetes mellitus (DM) at the time of CP diagnosis; and data on the occurrence
of acute pancreatitis (AP) before the diagnosis of CP. To avoid the impact of PDAC being initially
misdiagnosed as CP and possible resultant selection bias, we excluded cases of PDAC in the first
2 years of follow-up. Person-years were calculated from the date of CP diagnosis to the date of last
personal contact with the patient or death, whichever occurred first.

2.3. Follow-Up

Follow-up was defined as the time between the date of CP diagnosis and the time of death or
the time of the last contact with the patient or the time of the PDAC diagnosis. The PDAC diagnosis
was confirmed on weekly multidisciplinary (surgeons, gastroenterologists, radiologists, oncologists)
pancreatic conference meetings based on clinical and imaging data.

2.4. Statistical Analysis

Using the Kaplan Meier method (95% confidence intervals), we estimated the cumulative incidence
of pancreatic cancer with the number of patients at risk at several time points. The average annual
rate of pancreatic cancer—overall and according to selected patient characteristics—was calculated by
dividing the number of pancreatic cancers diagnosed by the total number of person-years accumulated
in the specific subgroup. The log-rank test was used to compare the risk of pancreatic cancer between
groups. The analyses were performed using the SAS software version (version, 9.4 SAS Institute, Cary,
NC, USA). p-values < 0.05 (two-sided) were considered statistically significant.

2.5. Ethical Considerations

The study was approved by the Regional Ethics Committee (Swedish: Regional Etikprovningsndamden)
in Stockholm, Dnr: 2020-02209. The requirement for individual informed patient consent was waived
by the committee owing to the nature of the study and that patients were not directly involved.

3. Results

From the database, the total number of patients with ICD codes for CP (K86.0 and K86.1) was 954
(Figure 1). Medical data were missing in 150 patients; thus, these patients were excluded from further
analysis. Based on M-ANNHEIM criteria, there were 804 patients with confirmed CP; of these, 209 had
probable CP and therefore were excluded from the final analysis. We also ruled out 14 patients for
whom PDAC occurred <2 years after the diagnosis of CP.
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Patients with ICD codes for chronic
pancreatitis (K86.0 and K86.1) found in the
database in 2003-2018

N=954

Patients excluded because of missing data

in medical records or wrong diagnosis

N=150

Patients with diagnosed chronic pancreatitis

N =804

Excluded patients with probable chronic
pancreatitis (N = 209) and patients in whom
pancreatic cancer occurred < 2 years after
diagnosis of chronic pancreatitis (N = 14)

Patients with definite chronic pancreatitis

N =581

Patients with pancreatic cancer that occurred

> 2 years after diagnosis of chronic
pancreatitis

N=6

Figure 1. Flow chart of patients.

The final dataset included 581 patients (371 [63.9%] males and 210 [36.1%] females) with definite
CP diagnosed between 2003 and 2018 (Figure 1). The median age at diagnosis of CP was 57 years
(range 2-86) (Table 1). During 3423 person-years of observation, six pancreatic cancers were diagnosed
(0.2% year). The mean number of years between the diagnosis of CP and the occurrence of PDAC was
5.0 (range 2.7-8.6). None of the cancer patients had a family history of PDAC. DM was present in
five (83.3%) patients with PDAC: in three patients before the CP and in two after the CP diagnosis.
Clinical/laboratory signs of PEI were present in five (83.3%) of the patients with PDAC: in two patients
at the time of CP diagnosis and in three after the CP diagnosis. Most of the patients in this subgroup
(83.3%) were smokers (Table 2). Mean survival time after the PDAC diagnosis was 4 months (range 0.5-13).



J. Clin. Med. 2020, 9, 3720 50f12
Table 1. Patient characteristics.
- All CP Patients Pancreas Rate
Characteristics N (%) t Can:.er Person-Year Per 100-Year Log-Rank p
N (/o)
All 581 (100.0) 6(1.03) 3423 0.18
Sex
Female 210 (36.1) 3(1.43) 1232 0.24
Male 371 (63.9) 3(0.81) 2191 0.14 0.48
Age at diagnosis
<50 183 (31.5) - 1223 0.00
50-59 134 (23.1) - 842 0.00
60-69 133 (22.9) 4(3.01) 710 0.56
70-79 105 (18.1) 2(1.90) 532 0.38
>80 26 (4.5) - 116 0.00 0.020
BMI at diagnosis
<20 94 (16.2) 2(2.13) 554 0.36
21-25 165 (28.4) - 941 0.00
26-31 98 (16.9) 3 (3.06) 492 0.61
31+ 18 (3.1) 1 (5.56) 93 1.08 0.065
Family history of pancreas
diseases
No 404 (69.5) 4(0.99) 2491 0.16
Yes 41(7.1) - 258 0.00 0.51
Aetiology
Idiopathic 47 (8.1) - 229 0.00
Alcohol and nicotine 220 (37.9) 1(0.45) 1343 0.07
Nicotine 81 (13.9) 2(2.47) 458 0.44
Alcohol 49 (8.4) 1(2.04) 312 0.32
Hereditary 38 (6.5) - 281 0.00
Immunological 59 (10.2) - 318 0.00
Efferent duct 62 (10.7) 1(1.61) 359 0.28
Miscellaneous/other 25 (4.3) 1 (4.00) 123 0.81 0.40
Diabetes mellitus at diagnosis
No 419 (72.1) 3(0.72) 2570 0.12
Yes 147 (25.3) 3(2.04) 799 0.38 0.12
PEI at diagnosis
No 273 (47.0) 3(1.10) 1749 0.17
Yes 226 (38.9) 3(1.33) 1082 0.28 0.52
History of acute pancreatitis
No 195 (33.6) 5(2.56) 986 0.51
Yes 379 (65.2) 1(0.26) 2376 0.04 0.003
Recurrent acute pancreatitis
No 303 (52.2) 6 (1.98) 1705 0.35
Yes 267 (46.0) - 1646 0.00 0.014

* Percentages do not add-up to 100 because information is missing for some patients: body mass index = BMI
(n = 206), family history (n = 136), symptoms (n = 30), calcifications (1 = 15), diabetes (1 = 15), pancreatic exocrine
insufficiency = PEI (n = 82), acute pancreatitis (n = 7), recurrent acute pancreatitis (n = 11). CP = chronic pancreatitis.

Post hoc analysis revealed that PDAC occurred significantly more often (p < 0.0001) in two small
subgroups of patients without previous AP. Two of 20 patients (10%) with low BMI and PEI at CP
diagnosis and 3 of 10 (30%) with high BMI and DM at CP diagnosis developed PDAC compared to one
patient in the remaining subgroup (Table 3). When we performed a sensitivity analysis and included
cases of PDAC that occurred within 2 years of the CP diagnosis and when a-priori had been excluded
from the analysis, the proportion of patients with PDAC in the low BMI and PEI subgroup was 9.1% and in
the high BMI and DM was 16.7%, which can be compared to 1.8% in the remaining subgroup (Table 3).
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Table 2. Demographic and clinical characteristics of patients in whom pancreatic ductal adenocarcinoma occurred more than 2 years after the diagnosis of
chronic pancreatitis.

Aetiolo; Previous Time to Survival
Patient Age* Sex 8y Smoking Alcohol BMI DM PEI after
cp AP PDAC **
PDAC
- developed after CP diagnosis; . .
1 63 female nicotine no former never 18.9 (1 year before PDAC diagnosis) present at CP diagnosis 2.7 years 1.5 months
alcohol and . developed after CP diagnosis; . .
2 65 male nicotine no active 30 years 18.0 (at the time of PDAC diagnosis) presentat CP diagnosis 6.6 years 6 months
. present at CP diagnosis; . .
3 64 male unexplained no former never 26.3 (52 years before PDAC diagnosis) developed after CP diagnosis 8.6 years 13 months
alcohol and present at CP diagnosis; (33 years . .
4 68 female nicotine no former 40 years 324 before PDAC diagnosis) developed after CP diagnosis 7.0 years 1 month
- . present at CP diagnosis; . .
5 74 female nicotine no active never 26.0 (11 years before PDAC diagnosis) developed after CP diagnosis 6.0 years 2 months
6 79 male efferent yes never never 29.1 no no 4.8 years 0.5 months
duct factors

CP= chronic pancreatitis; AP = acute pancreatitis; BMI = body mass index at the time of CP diagnosis; DM = diabetes mellitus; PEI = Pancreatic exocrine insufficiency; PDAC = pancreatic
ductal adenocarcinoma; *= age at the time of chronic pancreatitis diagnosis; **= period between the diagnosis of chronic pancreatitis and diagnosis of pancreatic cancer.

Table 3. Pancreas cancer in patients with specific characteristics at diagnosis of CP.

Patients Pancreatic Cancers Diagnosed in the First Pancreas Cancers Diagnosed More than
N 2 Years after CP * 2 Years after CP
N (%) N (%)
All 595 14 (2.4) 6(1.01)
Risk group
No previous AP, low BMI, and PEI 22 2(9.1) 2(9.1)
No previous AP, high BMI, and DM 12 2 (16.7) 3(25.0)
Other CP patients 561 10 (1.8) 1(0.18) p <0.001

* These patients were excluded from the main analysis. AP = acute pancreatitis; CP = chronic pancreatitis, BMI = body mass index; PEI = pancreatic exocrine insufficiency;
DM = diabetes mellitus.
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4. Discussion

Patients with CP have an excess risk of developing PDAC but the exact association between CP
and PDAC remains poorly understood [6]. In this large single-institution cohort, the incidence rate
of PDAC was 0.2% annually, which is comparable to elevated rates previously reported, but is still
low in absolute terms [10,11]. Overall, the cumulative incidence of pancreatic cancer is similar to that
previously reported [12] (Figure 2). We found, however, that the risk of developing PDAC is unevenly
distributed across the two subgroups of patients at increased risk: (i) patients with DM and a high
BMI and (ii) patients with PEI and a low BMI. We hypothesise that these two subgroups represent two
distinct pathomechanisms that promote the development of PDAC in patients with CP.

Sweden 2003-2018 Multicentre Cohort
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Figure 2. Cumulative incidence of pancreatic cancer in Sweden compared to the multicentre cohort
study. The number in parenthesis indicates the number of patients at risk at different time points.

CP is generally associated with type 3c diabetes (T3cDM) through inflammation and fibrotic
transformation of the pancreas, which impairs 3-cell activity and eventually causes islet cell loss [13].
T3cDM is commonly linked to malnutrition, but a large proportion of CP patients are overweight
and not deficient in micronutrients [14]. DM in these patients might resemble more closely type
2 diabetes mellitus (T2DM) with excess insulin and peripheral insulin resistance [15]. In the absence of
CP, T2DM is also a risk factor for the development of PDAC and is mediated by tumour-associated
factors [16]. DM regularly precedes the diagnosis of PDAC by months to years, but unlike T2DM
in patients without cancer, it is associated with poor glucose homeostasis despite continued weight
loss [16]. Detrimental reciprocity of concurrent DM and CP with a more than 30-fold increased risk of
PDAC has previously been recognised in a population-based study [17]. However, our data suggest
that a narrow subset of patients with maintained BMI within the context of DM and CP develop PDAC.
A possible explanation for this observation could be several signals triggered by high insulin levels
and obesity that promote proliferation, especially through the KRAS pathway. These signals would
cause malignant transformation within the context of chronic inflammation in the pancreas [18-20].

PEl is a hallmark of CP, which affected nearly half of our cohort patients. It is caused by alterations
of the pancreatic anatomy and impaired regulation of the pancreatic secretion, which are also typical of
pancreatic cancer [21]. A low BMI at diagnosis, in contrast, occurred only in 16.2% of the CP patients
in this study, although weight loss is the natural consequence of PEI associated with PDAC [22,23].
Molecular changes in the pancreas occur years before malignant tumour occurrence [10] and metabolic
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changes begin to occur as early as 30 months before a PDAC diagnosis [24]. Tissue breakdown
with sarcopenia leading to cachexia (low BMI) can occur long before the diagnosis of clinically overt
pancreatic cancer, as based on intrinsic tumoral factors [22]. Because the development of clinically
overt PDAC was calculated to take up to 10 years, [10] incipient pancreatic cancer may contribute to
this wasting in the years preceding the diagnosis [23]. Weight loss manifests typically 6 to 18 months
before clinical PDAC [24]. We therefore conclude that low BMI and PEI in patients with CP define
a high-risk population with latent PDAC. This interpretation could also explain the sharp decrease
in PDAC risk between 2 and 5 years in a meta-analysis of cohort and case-control studies of CP and
PDAC as clinical symptoms in patients with latent disease debut during this period [6].

The retrospective design of the study and a low absolute number of patients with PDAC and the
fact that we observed clustering of these cases in post hoc analysis are the major limitations of this study
and warrant confirmation in additional studies. To reduce bias from inclusion of patients without CP,
we limited this study to definite CP based on the M-ANNHEIM criteria. Following the common practice
in other epidemiological studies on the association of CP and PDAC [6], we excluded all patients for
whom PDAC occurred in the first 2 years after the diagnosis of CP to limit detection bias. However,
we conducted a sensitivity analysis that included these cases after PDAC was observed in specific
subgroups. Screening for PDAC in all patients with CP for a more extended period is not feasible
because of the large number of patients with CP, the low incidence of PDAC, and the lack of non-invasive
diagnostic procedures. However, given the number of PDAC in the first 2 years after the CP diagnosis,
it is an open question whether it is reasonable to follow all CP patients carefully in this short period.
Patients with hereditary pancreatitis and mutations in the cationic trypsinogen gene are the exception
because they have a remarkably increased risk of developing pancreatic cancer [11] and should be
followed on a yearly basis [1]. The lifetime risk for developing PDAC in patients with hereditary
pancreatitis is approximately 30% at 70 years of age [25], which is considerably higher compared to
other CP aetiologies. Another group that may pose a higher risk for developing PDAC is patients with
AID, especially AIP type 1 as a part of immunoglobulin G4-related disease (IgG4-RD) [26,27]. IgG4-RD,
and particularly AIP, could be linked to an increased risk of developing malignant disease relative to
the general population. Consequently, current European guidelines recommend lifelong surveillance
in patients with IgG4-RD [28]. The overall demographic characteristics, exposures, and outcomes of
our cohort are comparable to other studies in the field (Table 4). Note, however, that we found a higher
proportion of female patients (36.1%) than in similar studies [12,29-42], probably because of the higher
number of patients with CP of non-alcoholic aetiology. Still, confounding variables, such as smoking
and alcohol consumption, and two independent risk factors of both CP and PDAC remain general
problems of association studies of CP and PDAC [12,43,44]. Accordingly, five of six (83.3%) patients
with PDAC in our group were either active or former smokers.
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Table 4. Cumulative incidence of pancreatic cancer in cohorts of patients with chronic pancreatitis.

First Author Year Study Type Period Follow-Up N PDAC SEX AGE (Years)
. Italy o o
Rocca [29] 1987 Single centre study 1970-1984 14 years 172 2 cases (1.1%) males 85.7% 50
Multicentric Multinational 7.4 years  (m =0 o
Lowenfels [12] 1993 multinational 1946-1989 (11,438-person years) 1552 29 cases * (2.5%) males 81% 44.6
Swedish Inpatient Sweden o o
Karlson [30] 1997 Registry 1965-1983 NA 4546 189 cases (4.2%) males 72% 53.2
Talamini [31] 1999 Single centre study 1 971311},995 10 years (7287-person years) 715 14 cases (2.0%) males 88% 40.8
Malka [32] 2002 Single centre stud France 92 373 4 (1.1%) les 86% 4
alka [3 ingle centre study 1973-1997 .2 years cases (1.1% males 86%
. . Romania o Male:female
Seicean [33] 2006 Single centre study 1999-2005 2 years 82 3 cases (3.6%) Ratio = 6.5:1 48.7
) Oxford Record United Kingdom o o
Goldacre [34] 2008 Linkage Study 1963-1999 NA 1496 86 cases (5.7%) males 55% NA
- . Ttaly o o
Pedrazzoli [35] 2008 Single centre study 1970-1997 NA 170 2 cases (1.2%) males 87% 45
Wang [36] 2011 Single centre stud China 8.5 years 420 4 cases (0.9%) males 68% 434
8 8 y 1997-2007 =Y = ° '
Kudo [37] 2011 Single centre study Japan NA 218 9 cases (4.1%) males 91.3% 56.8
: 1970-2008 ’ ’ ’
Dite [38] 2012 Single centre study Czech Republic 6.7 years 223 13 cases (5.8%) males 66.4% 56.1
1992-2005
Ueda [45] 2013 Nationwide survey Japan 8 years 506 19 cases (3.7%) males 83.6% 525
i 2009-2010 ’ ’ ’
Nationwide register Denmark 510 cases (4.25%) o
Bang [39] 2014 retrospective cohort 19972010 71,814-person years 11,972 172 cases * (1.4%) males 66.5% 54.5
) . China o o
Hao [40] 2017 Single centre study 20002013 8.0 years 1656 21 cases (1.3%) males 69.6% 43
Zheng [41] 2019 Singl tre stud China 44 650 12 (1.8%) les 78.59 45
eng ingle centre study 2009-2017 4 years cases (1.8% males 78.5%
Agarwal [42] 2020 Single centre study 1 9;;\?;31 9 3.6 years 1415 29 cases (2.0%) males 78.3% 34
Present . Sweden 5.9 years 6 cases * (1.0%) o
Study 2020 Single centre study 2003-2018 (3423-person years) 581 0.2% per year males 63.9% 556

N = number of patients included in the study; CP = chronic pancreatitis; PDAC = pancreatic ductal adenocarcinoma; NA = not available. * 2 years after diagnosis of CP.

9o0f12
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5. Conclusions

Patients with well-defined CP have an excess risk of PDAC. Patients with DM and a high BMI
or PEI and a low BMI at diagnosis of CP may constitute specific risk groups among all patients with
CP and should therefore be studied in independent populations. Identifying such risk groups may
overcome practical limitations of screening for PDAC in all patients with CP given the large number of
patients with CP, the low incidence of PDAC, and the lack of non-invasive diagnostic procedures.

Author Contributions: Study conception and design: M.V,, JM.L., and PM. Acquisition of data: A.A., R.B.,
and M.V. Statistical analysis: PM. Analysis and interpretation of data: M.V, JM.L., PM., and A.D. Drafting of the
manuscript: M.V,, J.-M.L., PM., A.D. and H.H. Critical revision: N.P,, R.V,, RPM., AW, PG., and M.K. Guarantor
of the Article: M.V. and J.M.L. All authors have read and agreed to the published version of the manuscript.

Funding: Patrick Maisonneuve was supported by the Italian Ministry of Health with Ricerca Corrente and
5 x 1000 funds. Ana Dugic and Nikola Panic were supported by a mobility grant from the European Pancreatic
Club. Nikola Panic is further supported by Pancreas 2000—an educational programme for future pancreatologists.
Hannes Hagstrom is supported by grants from Region Stockholm. Maximilian Kordes receives a clinician-scientist
grant from Region Stockholm.

Conflicts of Interest: MV: Abbott (lecture fee), Mylan (lecture fee); MK: Roche (consulting), Molecular Health
(travel support).

Abbreviations

AIP = autoimmune pancreatitis; AP = acute pancreatitis; BMI = body mass index; CP = chronic pancreatitis;
DM = diabetes mellitus; HbAlc = glycated haemoglobin; ICD-10 = 10th revision of the International Classification
of Diseases; I[gG4-RD = immunoglobulin G4-related disease; IPMN = intraductal papillary mucinous neoplasm;
PanIN = pancreatic intraepithelial neoplasia; PDAC = pancreatic ductal adenocarcinoma: PEI = pancreatic
exocrine insufficiency; T2DM = type 2 diabetes mellitus; T3cDM = type 3c diabetes mellitus.

References

1. Lohr, ].M.; Dominguez-Munoz, E.; Rosendahl, J.; Besselink, M.; Mayerle, J.; Lerch, M.M.; Haas, S.; Akisik, F.;
Kartalis, N.; Iglesias-Garcia, J.; et al. United European Gastroenterology evidence-based guidelines
for the diagnosis and therapy of chronic pancreatitis (HaPanEU). United Eur. Gastroenterol. ]. 2017, 5,
153-199. [CrossRef]

2. Xiao, A.Y,; Tan, M.L.Y.; Wu, L.M.; Asrani, V.M.; Windsor, ]J.A.; Yadav, D.; Petrov, M.S. Global incidence and
mortality of pancreatic diseases: A systematic review, meta-analysis, and meta-regression of population-based
cohort studies. Lancet Gastroenterol. Hepatol. 2016, 1, 45-55. [CrossRef]

3. Lévy, P; Dominguez-Mufioz, E.; Imrie, C.; Lohr, M.; Maisonneuve, P. Epidemiology of chronic pancreatitis:
Burden of the disease and consequences. United Eur. Gastroenterol. |. 2014, 2, 345-354. [CrossRef]

4.  Bray, F; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer .
Clin. 2018, 68, 394-424. [CrossRef]

5. Hidalgo, M.; Cascinu, S.S.; Kleeff, ].J.; Labianca, R.; Lohr, ].M.].; Neoptolemos, J.; Real, EF; Van Laethem, J.-L.;
Heinemann, V. Addressing the challenges of pancreatic cancer: Future directions for improving outcomes.
Pancreatology 2015, 15, 8-18. [CrossRef]

6. Kirkegard, J.; Mortensen, FV.; Cronin-Fenton, D. Chronic Pancreatitis and Pancreatic Cancer Risk:
A Systematic Review and Meta-analysis. Am. J. Gastroenterol. 2017, 112, 1366-1372. [CrossRef] [PubMed]

7. Petrov, M.S,; Yadav, D. Global epidemiology and holistic prevention of pancreatitis. Nat. Rev. Gastroenterol.
Hepatol. 2019, 16, 175-184. [CrossRef] [PubMed]

8. Schneider, A.; Lohr, ].M.; Singer, M.V. The M-ANNHEIM classification of chronic pancreatitis: Introduction
of a unifying classification system based on a review of previous classifications of the disease. |. Gastroenterol.
2007, 42, 101-119. [CrossRef] [PubMed]

9. Shimosegawa, T.; Okazaki, K.; Kamisawa, T.; Kawa, S.; Notohara, K. International Consensus Diagnostic
Criteria for autoimmune pancreatitis -Guidelines of the International Association of Pancreatology. Suizo
2011, 26, 684-698. [CrossRef]

10. Luebeck, E.G. Cancer: Genomic evolution of metastasis. Nature 2010, 467, 1053-1055. [CrossRef] [PubMed]


http://dx.doi.org/10.1177/2050640616684695
http://dx.doi.org/10.1016/S2468-1253(16)30004-8
http://dx.doi.org/10.1177/2050640614548208
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.1016/j.pan.2014.10.001
http://dx.doi.org/10.1038/ajg.2017.218
http://www.ncbi.nlm.nih.gov/pubmed/28762376
http://dx.doi.org/10.1038/s41575-018-0087-5
http://www.ncbi.nlm.nih.gov/pubmed/30482911
http://dx.doi.org/10.1007/s00535-006-1945-4
http://www.ncbi.nlm.nih.gov/pubmed/17351799
http://dx.doi.org/10.2958/suizo.26.684
http://dx.doi.org/10.1038/4671053a
http://www.ncbi.nlm.nih.gov/pubmed/20981088

J. Clin. Med. 2020, 9, 3720 11 0f12

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Howes, N.; Lerch, M.M.; Greenhalf, W.; Stocken, D.D.; Ellis, I.; Simon, P.; Truninger, K.; Ammann, R;;
Cavallini, G.; Charnley, RM.; et al. Clinical and genetic characteristics of hereditary pancreatitis in Europe.
Clin. Gastroenterol. Hepatol. 2004, 2, 252-261. [CrossRef]

Lowenfels, A.B.; Maisonneuve, P.; Cavallini, G.; Ammann, R W.; Lankisch, P.G.; Andersen, ].R.; DiMagno, E.P;
Andren-Sandberg, A.; Domellof, L. Pancreatitis and the Risk of Pancreatic Cancer. N. Engl. . Med. 1993, 328,
1433-1437. [CrossRef] [PubMed]

Hart, P.A.; Bellin, M.D.; Andersen, D.K.; Bradley, D.; Cruz-Monserrate, Z.; Forsmark, C.E.; Goodarzi, M.O.;
Habtezion, A.; Korc, M.; Kudva, Y.C,; et al. Type 3c (pancreatogenic) diabetes mellitus secondary to chronic
pancreatitis and pancreatic cancer. Lancet Gastroenterol. Hepatol. 2016, 1, 226-237. [CrossRef]

Duggan, S.N.; Smyth, N.D.; O’Sullivan, M.; Feehan, S.; Ridgway, P.F.; Conlon, K.C. The Prevalence of
Malnutrition and Fat-Soluble Vitamin Deficiencies in Chronic Pancreatitis. Nutr. Clin. Pancreat. 2014, 29,
348-354. [CrossRef] [PubMed]

Duggan, S.N.; Ewald, N.; Kelleher, L.; Griffin, O.; Gibney, J.; Conlon, K.C. The nutritional management of type
3c (pancreatogenic) diabetes in chronic pancreatitis. Eur. J. Clin. Nutr. 2017, 71, 3-8. [CrossRef] [PubMed]
Sah, R.P; Nagpal, S.J.; Mukhopadhyay, D.; Chari, S.T. New insights into pancreatic cancer-induced
paraneoplastic diabetes. Nat. Rev. Gastroenterol. Hepatol. 2013, 10, 423-433. [CrossRef]

Liao, K.-F; Lai, 5.-W.,; Li, C.-L; Chen, W.-C. Diabetes mellitus correlates with increased risk of pancreatic
cancer: A population-based cohort study in Taiwan. J. Gastroenterol. Hepatol. 2012, 27, 709-713. [CrossRef]
Trajkovic-Arsic, M.; Kalideris, E.; Siveke, ].T. The role of insulin and IGF system in pancreatic cancer. J. Mol.
Endocrinol. 2013, 50, R67-R74. [CrossRef]

Cascetta, P.; Cavaliere, A.; Piro, G.; Torroni, L.; Santoro, R.; Tortora, G.; Melisi, D.; Carbone, C. Pancreatic
Cancer and Obesity: Molecular Mechanisms of Cell Transformation and Chemoresistance. Int. J. Mol. Sci.
2018, 19, 3331. [CrossRef]

Eibl, G.; Rozengurt, E. KRAS, YAP, and obesity in pancreatic cancer: A signaling network with multiple
loops. Semin. Cancer Biol. 2019, 54, 50-62. [CrossRef]

Vujasinovic, M.; Valente, R.; Del Chiaro, M.; Permert, J.; Lohr, J.-M. Pancreatic Exocrine Insufficiency in
Pancreatic Cancer. Nutrients 2017, 9, 183. [CrossRef] [PubMed]

Lohr, ].M. Weighing in on weight loss in pancreatic cancer. Nature 2018, 558, 526-528. [CrossRef] [PubMed]
Danai, L.V,; Babic, A.; Rosenthal, M.H.; Dennstedt, E.A.; Muir, A.; Lien, E.C.; Mayers, ].R.; Tai, K.; Lau, A.N,;
Jones-Sali, P; et al. Altered exocrine function can drive adipose wasting in early pancreatic cancer. Nature
2018, 558, 600-604. [CrossRef] [PubMed]

Sah, R.P; Sharma, A.; Nagpal, S.; Patlolla, S.H.; Sharma, A.; Kandlakunta, H.; Anani, V.; Angom, R.S;;
Kamboj, A.K.; Ahmed, N.; et al. Phases of Metabolic and Soft Tissue Changes in Months Preceding a Diagnosis
of Pancreatic Ductal Adenocarcinoma. Gastroenterology 2019, 156, 1742-1752. [CrossRef] [PubMed]
Lowenfels, A.B.; Maisonneuve, P.; Whitcomb, D.C. Risk Factors for Cancer in Hereditary Pancreatitis.
Med. Clin. N. Am. 2000, 84, 565-573. [CrossRef]

Hirano, K.; Tada, M.; Sasahira, N.; Isayama, H.; Mizuno, S.; Takagi, K.; Watanabe, T.; Saito, T.; Kawahata, S.;
Uchino, R;; et al. Incidence of Malignancies in Patients with IgG4-related Disease. Intern. Med. 2014, 53,
171-176. [CrossRef]

Schneider, A.; Hirth, M.; Miinch, M.; Weiss, C.; Lohr, ].M.; Ebert, M.P,; Pfiitzer, R.H. Risk of Cancer in
Patients with Autoimmune Pancreatitis: A Single-Center Experience from Germany. Digestion 2017, 95,
172-180. [CrossRef]

Lohr, ].M.; Beuers, U.; Vujasinovic, M.; Alvaro, D.; Frokjaer, ].B.; Buttgereit, F.; Capurso, G.; Culver, E.L.;
De-Madaria, E.; Della-Torre, E.; et al. European Guideline on IgG4-related digestive disease—UEG and SGF
evidence-based recommendations. United Eur. Gastroenterol. ]. 2020, 8, 637-666. [CrossRef]

Rocca, G.; Gaia, E.; Iuliano, R.; Caselle, M.T,; Rocca, N.; Calcamuggi, G.; Emanuelli, G. Increased Incidence of
Cancer in Chronic Pancreatitis. J. Clin. Gastroenterol. 1987, 9, 175-179. [CrossRef]

Karlson, B.M.; Ekbom, A.; Josefsson, S.; McLaughlin, ] K.; Fraumeni, J.F; Nyren, O. The risk of
pancreatic cancer following pancreatitis: An association due to confounding? Gastroenterology 1997, 113,
587-592. [CrossRef]

Talamini, G.; Falconi, M.; Bassi, C.; Sartori, N.; Salvia, R.; Caldiron, E.; Frulloni, L.; di Francesco, V.; Vaona, B.;
Bovo, P; et al. Incidence of cancer in the course of chronic pancreatitis. Am. . Gastroenterol. 1999, 94,
1253-1260. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S1542-3565(04)00013-8
http://dx.doi.org/10.1056/NEJM199305203282001
http://www.ncbi.nlm.nih.gov/pubmed/8479461
http://dx.doi.org/10.1016/S2468-1253(16)30106-6
http://dx.doi.org/10.1177/0884533614528361
http://www.ncbi.nlm.nih.gov/pubmed/24727205
http://dx.doi.org/10.1038/ejcn.2016.127
http://www.ncbi.nlm.nih.gov/pubmed/27406162
http://dx.doi.org/10.1038/nrgastro.2013.49
http://dx.doi.org/10.1111/j.1440-1746.2011.06938.x
http://dx.doi.org/10.1530/JME-12-0259
http://dx.doi.org/10.3390/ijms19113331
http://dx.doi.org/10.1016/j.semcancer.2017.10.007
http://dx.doi.org/10.3390/nu9030183
http://www.ncbi.nlm.nih.gov/pubmed/28241470
http://dx.doi.org/10.1038/d41586-018-05424-2
http://www.ncbi.nlm.nih.gov/pubmed/29941901
http://dx.doi.org/10.1038/s41586-018-0235-7
http://www.ncbi.nlm.nih.gov/pubmed/29925948
http://dx.doi.org/10.1053/j.gastro.2019.01.039
http://www.ncbi.nlm.nih.gov/pubmed/30677401
http://dx.doi.org/10.1016/S0025-7125(05)70240-6
http://dx.doi.org/10.2169/internalmedicine.53.1342
http://dx.doi.org/10.1159/000455963
http://dx.doi.org/10.1177/2050640620934911
http://dx.doi.org/10.1097/00004836-198704000-00013
http://dx.doi.org/10.1053/gast.1997.v113.pm9247480
http://dx.doi.org/10.1111/j.1572-0241.1999.01075.x
http://www.ncbi.nlm.nih.gov/pubmed/10235203

J. Clin. Med. 2020, 9, 3720 12 0of 12

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Malka, D.; Hammel, P; Maire, F,; Rufat, P.; Madeira, I; Pessione, E; Lévy, P.; Ruszniewski, P. Risk of pancreatic
adenocarcinoma in chronic pancreatitis. Gut 2002, 51, 849-852. [CrossRef] [PubMed]

Seicean, A.; Tantau, M.; Grigorescu, M.; Mocan, T.; Seicean, R.; Pop, T. Mortality risk factors in chronic
pancreatitis. J. Gastrointest. Liver Dis. 2006, 15, 21-26.

Goldacre, M.]J.; Wotton, C.J.; Yeates, D.; Seagroatt, V.; Collier, J. Liver cirrhosis, other liver diseases,
pancreatitis and subsequent cancer: Record linkage study. Eur. |. Gastroenterol. Hepatol. 2008, 20, 384-392.
[CrossRef] [PubMed]

Pedrazzoli, S.; Pasquali, C.; Guzzinati, S.; Berselli, M.; Sperti, C. Survival Rates and Cause of Death in 174
Patients with Chronic Pancreatitis. . Gastrointest. Surg. 2008, 12, 1930-1937. [CrossRef]

Wang, W.; Liao, Z.; Li, G.; Li, Z.; Chen, ].; Zhan, X.; Wang, L.-W,; Liu, F; Hu, L.-H.; Guo, Y,; et al. Incidence of
Pancreatic Cancer in Chinese Patients with Chronic Pancreatitis. Pancreatology 2011, 11, 16-23. [CrossRef]
Kudo, Y.; Kamisawa, T.; Anjiki, H.; Takuma, K.; Egawa, N. Incidence of and risk factors for developing
pancreatic cancer in patients with chronic pancreatitis. Hepatogastroenterology 2011, 58, 609-611.

Dite, P.; Hermanovd, M.; Trna, J.; Novotny, I.; Ruzicka, M.; Liberda, M.; Bartkova, A. The Role of Chronic
Inflammation: Chronic Pancreatitis as a Risk Factor of Pancreatic Cancer. Dig. Dis. 2012, 30, 277-283. [CrossRef]
Bang, U.C.; Benfield, T.; Hyldstrup, L.; Bendtsen, F.; Jensen, ]J.B. Mortality, Cancer, and Comorbidities
Associated With Chronic Pancreatitis: A Danish Nationwide Matched-Cohort Study. Gastroenterology 2014,
146, 989-994. [CrossRef]

Hao, L.; Zeng, X.-P,; Xin, L.; Wang, D.; Pan, J.; Wen-Bin, Z.; Ji, ].-T.; Du, T.-T,; Lin, ].-H.; Zhang, D.; et al.
Incidence of and risk factors for pancreatic cancer in chronic pancreatitis: A cohort of 1656 patients. Dig. Liver
Dis. 2017, 49, 1249-1256. [CrossRef]

Zheng, Z.; Chen, Y.; Tan, C.; Ke, N.; Du, B.; Liu, X. Risk of pancreatic cancer in patients undergoing surgery
for chronic pancreatitis. BMC Surg. 2019, 19, 83. [CrossRef] [PubMed]

Agarwal, S.; Sharma, S.; Gunjan, D.; Singh, N.; Kaushal, K.; Poudel, S.; Anand, A.; Gopi, S.; Mohta, S.;
Sonika, U.; et al. Natural course of chronic pancreatitis and predictors of its progression. Pancreatology 2020,
20, 347-355. [CrossRef] [PubMed]

Maisonneuve, P.; Lowenfels, A.B.; Miillhaupt, B.; Cavallini, G.; Lankisch, P.G.; Andersen, ].R.; DiMagno, E.P;
Andrén-Sandberg, A.; Domellsf, L.; Frulloni, L.; et al. Cigarette smoking accelerates progression of alcoholic
chronic pancreatitis. Gut 2005, 54, 510-514. [CrossRef] [PubMed]

Korc, M.; Jeon, C.Y.; Edderkaoui, M.; Pandol, S.].; Petrov, M.S. Tobacco and alcohol as risk factors for
pancreatic cancer. Best Pract. Res. Clin. Gastroenterol. 2017, 31, 529-536. [CrossRef] [PubMed]

Ueda, J.; Tanaka, M.; Ohtsuka, T.; Tokunaga, S.; Shimosegawa, T. Surgery for chronic pancreatitis
decreases the risk for pancreatic cancer: A multicenter retrospective analysis. Surgery 2013, 153, 357-364.
[CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1136/gut.51.6.849
http://www.ncbi.nlm.nih.gov/pubmed/12427788
http://dx.doi.org/10.1097/MEG.0b013e3282f4489f
http://www.ncbi.nlm.nih.gov/pubmed/18403939
http://dx.doi.org/10.1007/s11605-008-0620-x
http://dx.doi.org/10.1159/000322982
http://dx.doi.org/10.1159/000336991
http://dx.doi.org/10.1053/j.gastro.2013.12.033
http://dx.doi.org/10.1016/j.dld.2017.07.001
http://dx.doi.org/10.1186/s12893-019-0537-1
http://www.ncbi.nlm.nih.gov/pubmed/31286902
http://dx.doi.org/10.1016/j.pan.2020.02.004
http://www.ncbi.nlm.nih.gov/pubmed/32107194
http://dx.doi.org/10.1136/gut.2004.039263
http://www.ncbi.nlm.nih.gov/pubmed/15753536
http://dx.doi.org/10.1016/j.bpg.2017.09.001
http://www.ncbi.nlm.nih.gov/pubmed/29195672
http://dx.doi.org/10.1016/j.surg.2012.08.005
http://www.ncbi.nlm.nih.gov/pubmed/22989892
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients and Methods 
	Study Population 
	Variables 
	Follow-Up 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Discussion 
	Conclusions 
	References

